Abstract. There is controversy regarding the impact of infection on long-term prognosis in osteosarcoma patients. Clinical trials and experiments relating to this field could bring reconsideration of immunotherapy for osteosarcoma. The clinical records were reviewed of 125 osteosarcoma patients with a mean follow-up of 5.1±3.9 years (range, 0.5-19.8 years), and a review of the literature was also carried out. Chronic localized infections (but not systemic infection) were determined in 6 patients (4.8%). Similar chemotherapeutic regimens (P=1.00) and histological reactions (P=0.65) were observed in patients with or without infection. Tumor location of proximal tibia (P= 0.04) was more common in infected patients. More amputations (P<0.001) were necessitated in infected patients due to uncontrolled infection. The 5-year overall survival rate and event-free survival rate in infected patients were 100%, which were significantly higher than that of the non-infected patients, of whom the rates were 54 and 43% respectively (log-rank test: total survival, P= 0.01; tumor-free survival, P= 0.01). Distant metastasis was an independent risk factor for survival determined by Cox regression analysis (P<0.001, 95 confidence interval, 1.59-3.98). These findings suggested infection was likely to have positive effects on survival in osteosarcoma patients, however, underlying mechanisms remain to be elucidated. Reconsideration of the association of infection and survival in osteosarcoma patients will help to explore novel therapeutic routes and targets in these patients.
Introduction
Osteosarcoma is the most frequent primary osteogenic tumor with a prevalence of 1-3 cases per million people (1) . Resection of tumor (with negative surgical margin) and systemic administration of chemotherapy agents have significantly improved the long-term prognosis in osteosarcoma patients, with 5-year survival rates being 60-70% (2) . Osteosarcoma patients are able to receive limb-salvage surgeries with improved postoperative function.
However, complications, including infection, local recurrence, wound dehiscence, pathological fracture and prosthetic loosening, were frequently reported in osteosarcoma patients undergoing limb-salvage surgeries (3, 4) . Of note, infection is deemed to be one of the most significant complications with an incidence of 5.3-13% (2, 3, 5, 6) . Despite this, severities of postoperative infections vary from mild to severe extents, and deep infection was an important reason for readmission, revision surgery and even amputation (7, 8) . Notably, the association of postoperative infection and improved survival in osteosarcoma patients has been observed in several preceding studies, reporting that infection could be associated with prolonged survival in canines and humans with osteosarcoma, however, the outcomes were inconsistent (2,9,10). Jeys et al (9) revealed that the 10-year survival for infected osteosarcoma patients was 84.5% compared to 62.3% in non-infected patients, and no difference was detected between the two groups in terms of histological responses to chemotherapy. However, Lee et al (2) noted no survival difference between the infected patients and non-infected group following matching for prognostic factors, which suggested that the reported positive effect on survival rate could be due to other clinical characteristics of infected patients. However, no studies have carried out further clinical observations nor laboratory experiments relating to the infection-survival association in osteosarcoma, although this association has been reported in a wide variety of cancer, showing that certain types of malignancies are possibly sensitive to immune effects associating with infection, while others are not (11) (12) (13) . Sensitivity of osteosarcoma to infection could be associated with the potential efficacy of immunotherapy as a treatment for this disease, since infection involves a cascade of cellular events and inflammatory transducers, the elucidation of the association of the infection and survival in osteosarcoma patients will possibly bring reconsideration and increasing attention to immunotherapy for osteosarcoma.
The aim of the present study was to determine whether inflammation has positive or negative impacts on survival in osteosarcoma patients and explore what could be obtained from this association.
Patients and methods
Inclusion and exclusion criteria. Diagnosis of Enneking ⅡB osteosarcoma according to the Enneking staging system (14) is determined in every patient in the present cohort between 1991 and 2012 in the Department of Orthopaedic Surgery (General Hospital of Jinan Military Region, Jinan, China). All the patients underwent limb-salvage surgeries along with neo-adjuvant chemotherapy. The mean follow-up period was 5.1 years (range 0.5-19.8 years), the minimum follow-up period was 5 years unless the patient succumbed or was lost to the cohort. Patients with the following characteristics were excluded: Infection that developed >1 year postoperatively, recurrence/metastasis and mortality that developed before infection or within 1 year postoperatively, previous surgery on the tumor location, patients who did not receive chemotherapy treatment and patients lost to follow-up. Finally, 125 patients were enrolled in the cohort (Table I) .
Method. Deep infection was confirmed if the patients had clinical evidence of infection (including fever, pain, abscess, elevated white blood cell counts and elevated C-creative protein) with microbial culture within the wound location or histology compatible with infection at surgery. According to this standard, postoperative deep infection was determined in 6 patients ( Fig. 1) , treatment of infection included debridement and drainage (6 patients, 100%), revision surgery (1 patient, 16.7%) and amputation (4 patients, 66.7%). There was no evidence of systemic infection, and all the infections were localized. Perioperative infection (1 patient, 16.7%) was determined if it occurred within 2 months postoperatively, infections occurring >2 months postoperatively were late infections (5 patients, 83.3%). Infections of >3 months were chronic infections (6 patients, 100%).
A total of 97 patients (77.6%) underwent cisplatin-doxorubicin-isofamide therapy, the remaining patients received high-dose methotrexate-doxorubicin-isofamide chemotherapy regimen (Table II) . Histological responses were graded according to percentage of tumor necrosis, where good response consists of grade III and IV (necrosis of ≥90%) and grades I and II (necrosis of <90%) indicated poor responses (15) . Resections of tumors were performed according to established principles of surgical margins for osteosarcoma, reconstructive methods included tumor endoprostheses, allograft-prosthetic composites and biological reconstruction. A negative tumor margin was also determined by histological findings (16) . Prophylactic antibiotics (penicillin or cephalosporin) were administered within 30 min before skin incision and were discontinued within 24 h of the end of surgery recommendations by the American Academy of Othopaedic Surgeons (17) . Therapeutic regimens for postoperative infections covered a variety of intravenous antibiotics, including penicillin, cephalosporin, quinolones, aminoglycosides and clindamycin. Two-agent antibiotic regimens were administered in 5 patients (83.3%), while the remaining patients received single-agent antibiotic therapy (16.7%).
Statistical analysis was performed using SPSS 13.0 (SPSS Inc., Chicago, IL, USA). χ 2 test, Fisher's test and student's t-test were carried out in univariate analysis. P<0.05 was considered to indicate a statistically significant difference. End points in Kaplan-Meier analysis were recurrence/metastasis and mortality. Cox regression model was applied for multivariate analysis.
Results
A total of 6 patients had postoperative deep localized infections (4.8%, Table III patients are compared in Table I . The patients had no statistical significance in chemotherapy regimens (P= 0.01) and histological response (P= 0.65), infected patients were exposed to lower risks for metastasis (P= 0.03) and mortality (P<0.001).
There was no association of amputation and tumor recurrence (P= 0.33), metastasis (P= 0.06) and mortality (P= 0.67). The 5-year survival rate and event-free survival rate of infected patients were 100%; 5-year survival rate of non-infected patients was 54% and event-free survival rate was 43% (Figs. 2 and 3) . The log-rank test indicated that the total survival rate (P=0.01) and event-free survival (P=0.01) rate of infected patients were significantly higher than those without infection. A variety of factors indicated by single-variate analysis and clinical observation were included in COX regression analysis. These factors comprised amputation, postoperative infection, chemotherapeutic regimen, response to chemotherapy, tumor recurrence and metastasis. Results showed that tumor metastasis was an independent risk factor for survival (P<0.001, 95 % confidence interval, 1.59-3.98). Patients with evidence of metastasis were exposed to a risk of mortality that was 15.6 times as high as those without metastasis.
Discussion
In 1891, William B. Coley injected streptococcal organisms into a patient with unresectable sarcoma and sequential infection in this patient resulted in shrinking of the tumor. Since then, Coley used a series of heat-inactivated streptococci and Bacillus prodigiosus (known as Coley's toxins) in the treatment for cancer (18) . However, Coley's toxins did not significantly improve long-term survival in patients with cancer, and development of chemotherapy and radiation therapy caused Coley's toxins to gradually disappear from use (19) . In recent decades, immunotherapy has drawn increasing attention as an adjuvant therapy for human malignancies, including osteosarcoma, showing that Coley's principles of treatment for cancer is correct and that certain malignant tumors are sensitive to an enhanced immune system while others are not. However, it remains unclear whether infection is associated with improved survival in osteosarcoma patients and what role the immune system could play in this process. These results have shown that patients with postoperative deep infections had improved survival compared to the uninfected patients, despite that the majority of the postoperative infections resulted in amputation and/or postponed chemotherapy.
The importance of the present clinical observation consists in that osteosarcoma is possibly sensitive to an enhanced immune system associated with infection, indicating that immunotherapy could be a valuable therapeutic route for osteosarcoma. However, the underlying mechanisms remain unclear. Preceding studies showed that infection possibly plays antitumor roles by enhancing cellular immune system, as elevated Figure 2 . Kaplan-Meier analysis indicates that the survival rate in infected patients was higher compared to the non-infected controls (P= 0.01). Figure 3 . Kaplan-Meier analysis suggested that the event-free survival rate of infected patients was higher compared to the non-infected patients (P= 0.01). levels of tumor necrosis factor-α concomitant with infection stimulated the innate immune system in patients, resulting in enhanced antitumor effects (18) . Buddingh et al (20) reported that chemoresistant osteosarcoma cells are susceptible to lysis of interleukin-15-induced natural killing (NK) cells, and the results indicated the potential antitumor effects of NK cells or NK cell-activating agents in high-grade osteosarcoma patients. In addition to these findings, infection may play antitumor roles through other routes; in vivo studies have shown that infection is associated with angio-suppressive effects in tumors, yet further explorations remain to be carried out to elucidate this connection (21) .
When the advances in immunotherapy of osteosarcoma are reviewed, interferon (IFN)-α has obtained considerable attention as an adjuvant treatment of osteosarcoma. Evidence from fundamental research has indicated that IFN played direct antitumor and/or indirect immune roles, particularly in osteosarcoma. IFN signaling was found to be intact in the periphery blood of osteosarcoma patients, while in other malignancies (such as melanoma), the signaling is impaired suggesting that osteosarcoma patients could be sensitive to treatment of IFN (22) . A cooperative clinical trial being conducted by European and American Osteosarcoma Study Group-1 is currently the largest prospective study associated with immunotherapy of osteosarcoma patients. Patients with good responses to chemotherapy (tumor necrosis rate ≥90% by histological findings at surgery) underwent maintenance treatment of IFN-α as an adjuvant treatment to chemotherapy (methotrexate, cisplatin and doxorubicin). However, no evidence has shown that IFN-α had significant roles in improving the survival rate of osteosarcoma patients (22, 23) . The discrepancy between clinical trials and laboratory findings may be associated with various confounding factors. Additionally, an enhanced immune system is associated with a cascade of immune cells and cytokines, which could be more complicated than the effects induced by one type of inflammatory cytokine. Therefore, further research with a wider spectrum of immune cells and cytokines is required.
In recent years, antitumor effects relating to tumor associated macrophages (TAM) and neutrophils (TAN) are gaining increasing attention. Preceding studies suggested that TAM and TAN are integrated in the regulation of innate and adaptive immune responses. Strong evidence showed protumoral macrophages could be stimulated by IFN and become antitumoral cells attracting T helper 1 lymphocytes to the microenvironment of cancer (24, 25) . Of note, neutrophils have long been considered to be terminal effector cells playing a major role in inflammation and resistance against microbes. Various studies have shown that neutrophils could play an important role in tumor growth and progression. However, in the analogy with macrophages, neutrophils have double-edged roles in tumor progression. Neutrophils could be driven by transforming growth factor-β to acquire a protumoral phenotype, and by contrast, it could play antitumoral roles through cytotoxic and anti-angiogenic effects (26, 27) . Based on the outcomes of the present study, osteosarcoma could be sensitive to an immune system enhanced by infection. In addition, macrophages and neutrophils are important effector cells in infection, and studies in this area could offer valuable information in the treatment of osteosarcoma. However, current studies associated with TAM and TAN in osteosarcoma are limited.
Another important aspect associated with postoperative infection is local high temperature within the wound. Over the past decades, therapy applying thermal effects has been widely utilized as an adjuvant treatment route of malignant tumor, and the thermoablative technique is a typical example in this field. In clinical practice, thermal ablation comprises of radiofrequency ablation, microwave ablation, high-intensity focused ultrasound and laser-induced thermotherapy (28) . The strengths of thermal ablation are not only its advantages as a surgical technique, but also the immunomodulation by thermotherapy in cancers. Fundamental studies and clinical observations have shown that thermal ablation plays important roles in modulating immune system in cancer patients. In addition, different thermoablative techniques have shown immunostimulating effects with similar immune cells and transducers profiles, however, studies associated with the immune effects aroused by thermal therapy for osteosarcoma patients are extremely scarce (28) . In clinical practice, microwave ablation is currently used in the treatment of osteosarcoma, and in certain cases, inactivated bone tumor remained in situ instead of being entirely resected. As a result, postoperative exudation, redness and swelling of incisions were frequently observed. Microbiological culture excluded localized infection in all the patients, and the prognosis of these patients is favorable thus far. We believe the patients who underwent thermotherapy in the Department of Orthopaedic Surgery experienced a situation imitating postoperative wound infection (with similar clinical presentations). Thermoablative techniques and inactivated tumor tissues in vivo could possibly cause a wide variety of immune response, and this will have impacts on the long-term survival of osteosarcoma patients, however, further studies are required to explore the immune effects by thermotherapy in osteosarcoma and to determine its efficacy in the treatment of osteosarcoma patients. Currently the related studies are scarce.
Although the present study is inherent to several limitations of observational research, including that this is a single-institute retrospective study with a relatively small sample size (particularly the infected patients), the outcome has shown that postoperative infection was likely to improve the survival rate of osteosarcoma patients. However, the association between infection and survival rate of osteosarcoma patients remains to be elucidated. A wide spectrum of immune cells and transducers has shown potential in the treatment of osteosarcoma. Immune effects induced by thermal therapy also showed a possibility of exploring new treatment modalities. However, studies associated with these fields are limited and therefore, further studies are required to elucidate the association of the immune system and survival rate in osteosarcoma patients to improve the prognosis of these patients.
